As EAT surrounds coronary arteries, it is thought that it acts directly on coronary artery walls and contributes to the initiation and progression of coronary atherosclerosis 1) . There have been reports suggesting that higher EAT volume is associated with coronary calcification, coronary stenosis, coronary plaque morphology, and the development of new non-calcified coronary plaque on cardiac computed tomography (CT) [2] [3] [4] [5] [6] [7] . On the other hand, a recent study in a diverse population of symptomatic patients did not find a significant relationship between EAT volume and the presence or extent of coronary calcification measured by cardiac
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There has been a great deal of recent interest in the clinical and pathologic significance of epicardial adipose tissue (EAT) in coronary artery disease (CAD).
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protein (CRP) concentration measured just before surgery were also recorded.
In each patient, specimens of EAT adjacent to the left anterior descending (left EAT) and right coronary arteries (right EAT) were obtained during cardiac surgery (two EAT samples per patient). Additionally, subcutaneous adipose tissue (one sample per patient) was taken from the subcutaneous fat on the sternum in each patient as control adipose tissue 12) . The size of each specimen was generalized (5 mm in longest diameter). These samples were subjected to further analyses with immunohistochemical staining and quantitative realtime polymerase chain reaction (qPCR) for TNFgene expression.
Our study complied with the Declaration of Helsinki. Our hospital's ethics committee approved the study protocol, and written informed consent was obtained from all patients. The protocol has been published in the Japan UMIN Clinical Trials Registry (ID: UMIN000010654).
Cardiac CT Protocol
All patients underwent cardiac CT imaging using a 320-slice CT scanner (Aquilion One; Toshiba Medical Systems, Tokyo, Japan) within 1 month prior to cardiac surgery, as in our previous studies 12, 16) . A plain scan was undertaken to measure coronary calcium score (CCS) according to the standard Agatston method (slice thickness 3.0 mm; maximum tube current 270 mA; tube voltage 120 kV). The data set for coronary CT angiography (CCTA) was then acquired using the HeartNAVI® system (collimation 320 0.5 mm; tube current 350 -580 mA; tube voltage 120 kV; Toshiba Medical Systems) under retrospective electrocardiography gating. The effective radiation dose for CCTA estimated on the basis of the dose-length product was 8 4 mSv per patient 12) . All reconstructed CT image data were transferred to an offline workstation (Advantage Workstation Ver. 4.2, GE Healthcare, Waukesha, WI, USA) for post-processing and image analysis.
Analyses of Adipose Tissues and Coronary Atherosclerosis on CT
Two blinded independent observers undertook all CT image analyses.
The quantification of adipose tissues was performed on plain CT images using dedicated software (Virtual Place, AZE Inc., Tokyo, Japan), as previously reported 4, 12, 17, 18) . Intra-abdominal visceral adipose tissue (VAT) area, defined as the intraperitoneal adipose tissue area with a CT density ranging from 150 to 50 Hounsfield units (HU), was calculated at the level of the umbilicus. Then, EAT volume was measured by calculating the total sum of EAT areas from 1 CT 8) . Thus, while higher EAT volume appears to have an influence on coronary atherosclerosis, EAT requires elucidation of its other features, such as its biologic characteristics, to improve our understanding of the pathophysiologic mechanisms active in EAT that contribute to the pathogenesis of CAD.
As EAT is reported to be a source of inflammatory cytokines and mediators [9] [10] [11] , it can be thought of as an important endocrine organ lying adjacent to the coronary arteries. We have recently reported that macrophage infiltration and neoangiogenesis in EAT verified by immunohistochemical staining correlate with moderate coronary calcification and non-calcified coronary plaque component on CT images, suggestive of the progressive stage of coronary atherosclerosis 12) . While our findings suggest a biologic role for EAT in the progression of coronary atherosclerosis, the mechanism by which it does so remains unclear.
Tumor necrosis factor (TNF)-is one of major monocyte-derived cytokines and exerts potent proinflammatory effects on atherosclerosis 13) . TNF-also functions as a determinant of cytokine dysregulation in adipocytes 14) . Suganami et al. have reported that TNFderived from adipocytes and macrophages plays a major role in the co-culture-induced inflammatory changes 15) . These suggest that TNF-is an important mediator of inflammation in adipose tissue. Thus, TNF-expressed in EAT needs to be investigated in relation to clinically-assessed coronary atherosclerosis.
Aim
We examined the gene expression level of TNFin EAT, and sought to evaluate the relationship between EAT TNF-expression and the appearance and severity of coronary atherosclerosis based on cardiac CT images.
Methods

Study Patients
We enrolled 47 patients referred for cardiac CT for the investigation and diagnosis of CAD in preparation for elective coronary artery bypass graft surgery (CABG, n 26) or cardiac valve surgery (non-CABG, n 21 [aortic valve repair, n 12; mitral valve repair, n 9). Patients who had previously undergone percutaneous coronary intervention, and/or CABG, and those receiving dialysis, were not enrolled, as these would have been potentially confounding factors in the analysis of coronary calcification and plaques on CT images. Clinical information, including coronary risk factors and statin therapy (duration 6 months), was recorded. Serum lipid levels, hemoglobin A1c, and C-reactive If the initial assessment of the presence or absence of NCP and coronary stenosis differed between the two independent observers, an agreement was reached by consensus.
Immunohistochemical Staining and qPCR
The protocol for the immunohistochemical staining of the adipose tissue samples (left and right EATs in each patient) was explained in our previous report 12) . We quantified the infiltration of macrophages into adipose tissue using a primary antibody against CD68 (1:100, clone KP-1; Dako, Glostrup, Denmark). CD68-positive individual cells were counted in three random high-power fields (one field corresponded to a circle of radius 250 µm) in each left and right EAT specimen, and the summed number of cells was reported for each patient.
Total RNA was isolated from the frozen adipose tissue samples (left EAT, right EAT, and SAT in each patient) using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and 1 µg of total RNA was converted to complementary DNA (cDNA) using High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA). PCR reactions were performed with SYBR Select Master Mix (Applied Biosystems). Real-time detection of the emission intensity of SYBR green bound to double-stranded DNA was performed cm above the left main coronary artery to the left ventricular apex on images taken at 1 cm intervals: EAT was defined as adipose tissue surrounding the myocardium and limited by the epicardium. The EAT area of the epicardium was manually traced and defined as the area with a density range between 250 and 30 HU. Although differing in the density range between VAT and EAT, the above methods are traditionally used to measure adipose tissue amounts clinically 4, 12, [17] [18] [19] . In all coronary segments 2 mm in diameter on CCTA, the presence or absence of non-calcified coronary plaque (NCP) was evaluated as in our previous studies 4, [20] [21] [22] . The definition of NCP was done as a low-density mass 1 mm 2 in size, located within the vessel wall and clearly distinguishable from the contrast-enhanced coronary lumen and the surrounding pericardial tissue. When partially-calcified coronary plaques containing both NCP and coronary calcium deposits (a structure on the vessel wall with a CT density above that of the contrast-enhanced coronary lumen or with a CT density of 130 HU) were observed, the patient was determined to have NCP. In each segment with NCP, the proportion of lumen stenosis was determined by measuring the luminal diameter at the narrowest site and comparing it with the diameter of the normal proximal site: 50% stenosis was considered to represent clinical obstruction. were also divided into one of two groups on the basis of presence or absence of NCP on CCTA.
Macrophage count and normalized mRNA expression level are expressed as the median and interquartile range, and other continuous variables are expressed as the mean standard deviation. The Wilcoxon signedrank test was used to compare paired parameters. Student's t test or the Mann -Whitney U test were used to compare subgroups, and analysis of variance or the Kruskal -Wallis tests were used to compare differences among the three CCS subgroups. Categorical variables are reported as the number (proportion, %) and were compared using Pearson's chi-squared test. Potential correlations between qPCR data and immunohistochemical quantification or clinical parameters (serum CRP, VAT area, and EAT volume) were assessed using Pearson's correlation coefficient. Linear regression was used to examine the clinical factors related to qPCR data of EAT samples for multivariate analysis adjusted for age, sex, coronary risk factors, stain therapy, CABG versus. non-CABG, VAT area, and EAT volume. All analyses were undertaken using JMP 10.0.1 statistical software (SAS Institute, Cary, NC, USA). P values 0.05 were considered statistically significant.
with a CFX Connect Real-Time System (Bio-Rad Laboratories, Hercules, CA, USA). The following primers were used: 5´-GACAAGCCTGTAGCCCATGTT-GTA-3´ and 5´-CAGCCTTGGCCCTTGAAGA-3´ for TNF-, and 5´-GCCCTGAGGCACTCTTCCA-3´ and 5´-GCGGATGTCCACGTCACA-3´ for -actin.
-Actin-specific PCR products, which were amplified from the same RNA samples, served as internal controls. Data were analyzed with the CT method, and relative expression was normalized to that of -actin. Three assays were performed for each sample, and the mean of the three assays was used as the relative quantification value.
We previously confirmed that the histologic evidence of macrophage infiltration was much more extensive in EAT than in paired SAT samples, implying that EAT is an inflammatory adipose tissue 12) . To assess the EAT-specific condition, TNF-mRNA expression in EAT was normalized to that of paired SAT specimen as control adipose tissue, and the mean of the left and right normalized mRNA expression levels was reported for each patient.
Subgroup Allocation and Statistical Analysis
Patients were divided into one of three groups based on CCS in reference to previous studies: mild, 0 -100; moderate, 101 -400; severe, 400 [23] [24] [25] . They The subgroups showed no significant differences in serum CRP concentration and EAT volume. In the entire cohort, the TNF-expression level of EAT normalized to that of paired SAT sample was 1.19 [0.72 -3.16], which was significantly higher than 1 (p 0.001). The macrophage count in EAT was 48 [36 -71]. The normalized TNF-expression tended to correlate positively with the macrophage infiltration in EAT, but their correlation did not reach significant (r 0.28, p 0.059) (Fig. 1) .
TNF-Expression in EAT and Clinical Characteristics
We examined whether there was a relationship between normalized TNF-expression and systemic inflammatory biomarker or adipose tissue quantity. The TNF-expression level did not correlate with serum CRP concentration (r 0.04, p 0.78, Fig. 2A ). There
Results
Baseline Characteristics
Pre-surgery CT examinations identified 11 patients with mild CCS, 15 with moderate CCS, and 21 with severe CCS group. Twenty-three (48.9%) patients had at least one NCP, and 21 (44.7%) had obstructive coronary stenosis on CCTA; all 21 with obstructive coronary stenosis were scheduled for elective CABG. The demographic and clinical characteristics of the cohort and subgroups are shown in Table 1 . Patients scheduled for CABG and those with severe CCS or NCP on CCTA had significantly more coronary risk factors and were more likely to be taking a statin. Serum triglyceride level was higher in patients with NCP, whereas the other lipid levels were similar between the subgroups. Hemoglobin A1c was higher in patients scheduled for CABG and those with severe CCS or NCP. Fig.3A) . Among the three CCS groups, there was no difference in TNF-expression level (p 0.68, Fig. 3B ), while patients with NCP had significantly higher TNF-expression level than those without (2.50 [1.01 -5.53] verwas no correlation between VAT area and TNF-expression level (r 0.05, p 0.76, Fig. 2B) , and between EAT volume and TNF-expression level (r 0.08, p 0.60, Fig. 2C) .
As for the influence of coronary risk factors, patients with diabetes mellitus had significantly higher TNF-expression level than those without (3.03 [1.14 -5.23] versus 1.07 [0.68 -2.32], p 0.031), but the presence of other risk factors had no impact on TNFexpression level (Fig. 2D) . Statin therapy did not appear to influence TNF-expression level (Fig. 2D) . Imoto-Tsubakimoto et al. highlight serglycin, which is one of the most abundantly expressed protein in EAT and induced by TNF-, and suggest that serglycin and TNF-likely contribute to development of CAD through cross-talk between adipocytes and macrophages 29) . Although TNF-is known as a major monocyte-derived cytokine, TNF-expression level in EAT does not appear to be determined only by macrophage infiltration based on our result. It indicates that there are several inherent confounding factors, such as fatty acids and serglycin, that influence TNF-profile in EAT.
Correlation of EAT TNF-with Clinical Parameters
We found no correlation between normalized EAT TNF-expression and serum CRP concentration. Despite a lack of high-sensitivity CRP measurements, this result indicates that EAT predominantly exerts local and paracrine, rather than systemic, effects. We previously reported that EAT macrophage infiltration quantified by immunohistochemical staining had no correlation with clinically-quantified adipose tissue 12) . Normalized TNF-expression similarly had no correlation with the adipose tissue quantification in this study. It suggests that regional TNF-expression in EAT is independent of EAT volume, or does not change in parallel to EAT volume. The presence of diabetes mellitus was associated with higher EAT TNFexpression, which may reflect the hypothesis that adipose-derived TNF-function correlates with the development of insulin resistance 30) . However, the linear sus. 1.03 [0.64 -2.17], p 0.022, Fig. 3C ). On multivariate analysis adjusted for age, sex, coronary risk factors, statin use, CABG versus non-CABG, VAT area, and EAT volume, the presence of NCP was significantly correlated with increased TNF-expression level ( 0.79, p 0.003, Table 2 ).
Typical immunohistochemical and qPCR findings from representative cases are shown in Fig. 4 .
Discussion
In the present study, we reported the relationship between EAT TNF-gene expression verified by qPCR and coronary atherosclerosis assessed on clinical cardiac CT images. The evidence of the association between inflammatory cytokine expression in EAT and clinically-assessed coronary atherosclerosis is limited. We used TNF-mRNA expression in EAT normalized to that in SAT to examine its EAT-specific expression, and: (1) validated the regionally enhanced expression of TNF-mRNA in EAT; (2) found no relationship between normalized EAT TNF-expression and a marker of systemic inflammation (serum CRP concentration) or clinical adipose tissue quantity (VAT area and EAT volume); (3) found that requirement for CABG (corresponding to presence of obstructive coronary stenosis in this study) and severity of coronary calcification did not appear to correlate with normalized EAT TNF-expression; and (4) found that elevated normalized EAT TNF-expression independently correlated with NCP formation seen on CT, suggestive of the progressive stage of coronary atherosclerosis. Our findings support the theory that EAT is a source of direct mediators of the pathogenesis of coronary atherosclerosis. Especially, they may underline that regional TNF-expression in EAT exerts potent effects on the progression of coronary atherosclerosis that is not modulated by statin therapy.
Condition of TNF-in EAT
Adipocytes in VAT have been shown to secrete biologically active substances that provoke the metabolic syndrome 26) , and are thought to be more endocrinologically active than those in SAT 27) . In this study, we demonstrate that EAT, which shares a common embryologic origin with VAT, is associated with enhanced expression of a major inflammatory cytokine, TNF-, compared with SAT. This concurs with a previous report showing higher TNF-expression by EAT than SAT in patients with critical CAD 28) , and highlights the status of EAT as 'diseased' adipose tissue in diverse cardiovascular patient populations.
Suganami et al. demonstrate that free fatty acids and TNF-contribute to a cycle that augments the using Gensini score) 31) . However, the difference in normalized EAT TNF-expression between patients with obstructive coronary stenosis (those scheduled for CABG) and those without did not reach significance in the current study. Notably, while normalized EAT TNF-expression had no correlation with severity of coronary calcification, its increase correlated with NCP formation independently of statin use, CABG or non-CABG status, and extent of adipose tissue. The presence of NCP, including heterogeneous (partially calcified) plaques, on CCTA is thought to represent a stage in the process of coronary atherosclerosis regression analysis showed no correlation between diabetes mellitus and elevation of EAT TNF-expression. Thus, we cannot confirm the hypothesis in this study. The anti-inflammatory effects of statin are well known, but we found no effect of statin therapy on normalized EAT TNF-expression.
Significance of EAT TNF-to CAD and Coronary Atherosclerosis
Hirata et al. have reported that pro-inflammatory cytokines in EAT are associated with the presence and severity of CAD (the latter assessed by angiography 
Conclusions
We identified elevated expression of a gene encoding the specific inflammatory cytokine, TNF-, in EAT. Having normalized mRNA level in EAT to that in SAT, elevated TNF-expression was independently correlated with NCP formation seen on CCTA, suggestive of the progressive stage of coronary atherosclerosis. Our results suggest that EAT contributes to CAD through molecule behavior and that TNF-is the key atherogenic cytokine in EAT.
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None of the authors have any conflicts of interest to disclose. growing, rather than an advanced stage characterized by heavy coronary calcification. Our data raise the possibility that increased TNF-expression in EAT, independent of EAT volume, contributes to subclinical progression of coronary atherosclerosis.
Data from a registry of patients with rheumatoid arthritis show that those responding to anti-TNFtherapy have lower risk of future myocardial infarction than non-responders 32) . A report from observational cohorts also suggests that TNF-blockade reduces the risk of all cardiovascular events -including myocardial infarction -in rheumatoid arthritis patients 33) . The effect of anti-TNF-therapy on EAT biology and CAD progression may be worthy of investigation in broader patient populations.
Limitations
First, its small sample size might result in a patient selection bias and potential failures to reach statistical significance when examining differences in TNFlevels between subgroups. As shown in Supplementary Fig. 1 , the majority of the patients with NCP on CCTA were scheduled for CABG, and there is a limitation in assessing the difference in the impact of EAT inflammation on coronary atherosclerosis between CABG and non-CABG patients. Additionally, we did not find possible associations between normalized EAT TNF-expression and specific non-CAD, such as aortic valve disease 34) , in this study ( Supplementary  Fig. 2A ), which should be further investigated in more subjects. Second, we focused on one representative cytokine that was expected to play a major biologic role in EAT based on previous reports, and only evaluated its expression at gene level; investigations of the expression of other cytokines and at protein level should further elucidate the pathophysiologic mechanisms active in EAT, which are our next issues. Nevertheless, our findings here highlight the pathologic significance of the specific cytokine in EAT, and provide introductory information enhancing further investigation of EAT molecular action on CAD. Third, when we evaluated CT-based high-risk features of NCP (minimum CT density 30 HU and vascular remodeling index 1.1) 20, 21) , we found no association between normalized EAT TNF-expression and the presence or absence of those (Supplementary Fig. 2B ), which might be a consequence of the small number of subjects with NCP on CCTA. We recommend further study of the influence of EAT cytokine expression on coronary plaque characteristics assessed by a variety of clinical imaging modalities, such as CCTA, intravascular ultrasound, and optical coherence tomography, in larger cohorts. Fourth, to investigate the systemic 
